The rapid cell proliferation characteristic of early animal embryos is accomplished with an abbreviated cell cycle and no DNA replication checkpoint. Blythe and Wieschaus provide evidence that nascent zygotic transcription precedes-and may trigger-this checkpoint at the midblastula transition.
During the cell cycle, the DNA replication checkpoint pauses entry into M phase until replication is complete. Activation of this checkpoint is essential in early embryos of many animals. In Drosophila, for example, a deficient checkpoint results in severe mitotic defects and death (Sibon et al., 1997) . Although the importance of the checkpoint is clear, how and why it is activated in early embryos is less so. In this issue of Cell, Blythe and Wieschaus (2015) present evidence that checkpoint activation in Drosophila is triggered by the onset of zygotic transcription (Figure 1) .
The earliest phase of development in Drosophila consists of 13 rapid, synchronous nuclear cycles (NCs)-composed only of S and M phases-directed by maternally supplied mRNAs and proteins. As development proceeds, maternal products are degraded and the zygotic genome is activated, a process known as the maternal-to-zygotic transition (MZT). Concurrently, gradual lengthening of the NCs culminates in the introduction of gap phases and cellularization of the blastoderm during NC14, an event known as the midblastula transition (MBT). These processes depend on a functional replication checkpoint.
A long-standing model posits that, with increasing nucleocytoplasmic ratio, essential maternal replication factors are titrated, resulting in replication stress and checkpoint activation (Sibon et al., 1997) . In a series of ingenious experiments, Blythe and Wieschaus (2015) use compound chromosomes to alter the total DNA content of the embryo or to modulate the amount of transcriptionally active DNA in embryos with the same total DNA content. By precisely measuring the length of NC13 as a proxy for the extent of checkpoint activation, they demonstrate that this activation correlates best not with total embryonic DNA content but with the amount of transcriptionally engaged DNA, leading to the hypothesis that checkpoint activation is a consequence of the onset of zygotic transcription.
To test this model, Blythe and Wieschaus (2015) perform RNA polymerase II (Pol II) chromatin immunoprecipitation sequencing (ChIP-seq) on carefully staged embryos to accurately define changes in transcriptional activity in NC12, NC13, and NC14. While hundreds of genes are already occupied and undergoing transcription at NC12, NC13 marks the large-scale recruitment of Pol II, largely in a ''poised'' state, to the transcriptional start sites of thousands of additional genes, which is consistent with the results of an earlier study (Chen et al., 2013) . Importantly, these early phases of global zygotic genome activation are largely unaffected in checkpoint mutants, implying that transcription precedes and occurs independently of checkpoint-mediated NC lengthening.
To monitor replication stress at the molecular level, Blythe and Wieschaus (2015) next use fluorescently labeled RPA70, which binds to sites of single-stranded DNA generated upon replication stalling, leading to checkpoint activation. They demonstrate a striking correlation between RPA70-bound and Pol II-occupied DNA, which is consistent with the hypothesis that sites of transcriptionally engaged DNA are sources of replication stress. This interpretation is complicated by the fact that, in budding yeast, RPA70 is generally associated with sites of active transcription independent of replication (Sikorski et al., 2011) , so it remains possible that the correlation reflects not sites of replication stalling but a role for the RPA complex in transcription. Indeed, Blythe and Wieschaus (2015) speculate that RPA may directly link transcription to the checkpoint independent of replication stress. Assessing additional and highly specific markers of replication stress, such as phosphorylated RPA30, may be illuminating.
The most compelling evidence for a transcription-induced checkpoint model comes from their finding that decreasing the amount of Pol II-bound DNA suppresses the mitotic catastrophe caused by mutations in the mei-41/ATR checkpoint gene. First, suppression is achieved with mutations in the transcription factor Zelda (Vielfaltig), which is required for the early phase of zygotic transcription and which the authors confirm by Pol II ChIP-seq, mediates active transcription starting at NC12. This is consistent with an earlier observation that premature zygotic transcription leads to Zeldadependent premature checkpoint activation (Sung et al., 2013) . Second, mutations in the transcription factor Trithorax-like (GAGA Factor), which has been predicted to have a role in the establishment of poised Pol II at NC13 and 14 (Chen et al., 2013) , also suppress mei-41. Thus, either a reduction in the amount of active transcription or a reduction in poised Pol II can partially mitigate the absence of a replication checkpoint.
In the future, it will be important to determine the relative contribution of active versus poised Pol II to checkpoint activation. In addition to their genetic suppression experiments, other data presented by Blythe and Wieschaus (2015) suggest a joint role. In the absence of Zelda, both Pol II and RPA70 are reduced at sites of active transcription rather than at poised sites, supporting a role for active transcription. However, the lengthening of NC13 in different compoundchromosome combinations correlates primarily with the recruitment of poised Pol II. Likewise, treatment with a-amanitin does not suppress the mei-41 mitotic catastrophe, suggesting that the checkpoint trigger precedes active transcriptional elongation.
Whatever the relative roles of poising and active transcription, the transcription-induced checkpoint hypothesis provides an intriguing link between the handover of developmental control from the maternal to the zygotic genome and the concurrent changes in the cell cycle that occur during early development. If the onset of zygotic transcription triggers the replication checkpoint at the MBT, what triggers the onset of zygotic transcription? Zygotic transcripts fall into two classes; the minority depend on the nucleocytoplasmic ratio for transcription, and the majority are transcriptionally activated independent of this ratio (Lu et al., 2009) . The former could be activated by checkpoint-independent increases in cell-cycle length mediated by titration of maternal factors such as Cyclin B (Edgar et al., 1994) , whereas the latter likely depend on a maternal timer acting independently of cell-cycle changes. One candidate for such a timer is the RNA-binding protein Smaug, which directs degradation of maternal transcripts during the MZT (Tadros et al., 2007) and is required for high-level expression of the zygotic genome, as well as checkpoint activation (Benoit et al., 2009) . Smaug levels gradually increase in early embryos, peaking at the MBT, and alterations in the amount of Smaug affect the timing of the MZT and MBT (Benoit et al., 2009) . Smaug might promote the clearance of maternally supplied transcriptional repressors, thus permitting activation of the zygotic genome. A second such timer might be Zelda itself, whose accumulation could time the activation of early zygotic transcription. Together, Smaug and Zelda would, respectively, be permissive and instructive timers of zygotic genome activation. Further studies will be required to tease out the roles of these and other repressors and activators of zygotic transcription and to clarify the role of the different classes of zygotic transcripts in activating the checkpoint.
Finally, it will be interesting to determine whether the onset of zygotic transcription has a role in triggering the replication checkpoint at the MBT in other species. In Xenopus, overexpression of a subset of replication factors extends the early, rapid embryonic cell divisions (Collart et al., 2013) , supporting the model that maternally supplied replication factors are titrated, resulting in replication stress and checkpoint activation. Although Blythe and Wieschaus (2015) provide evidence that replication factors may not be limiting in Drosophila, the two models need not be mutually exclusive-multiple factors could help pull the MBT checkpoint trigger. In this model, zygotic transcription is activated by transcription factors such as Zelda (ZLD), which binds upstream of the transcription start site (TSS) and promotes active transcription starting at nuclear cycle (NC) 12, and Trithorax-like (TRL), which recruits Pol II in a ''poised'' state at NC13. Actively transcribing and/or poised Pol II leads to recruitment of the RPA complex, either by causing replication stalling (top right) or through direct recruitment to sites of transcription (bottom right). RPA then activates the replication checkpoint and the associated cell-cycle remodeling characteristic of the MBT.
